Abstract The present study examined attention and memory load-dependent differences in the brain activation and deactivation patterns between adolescents with autism spectrum disorders (ASDs) and typically developing (TD) controls using functional magnetic resonance imaging. Attentional (0-back) and working memory (WM; 2-back) processing and load differences (0 vs. 2-back) were analysed. WM-related areas activated and default mode network deactivated normally in ASDs as a function of task load. ASDs performed the attentional 0-back task similarly to TD controls but showed increased deactivation in cerebellum and right temporal cortical areas and weaker activation in other cerebellar areas. Increasing task load resulted in multiple responses in ASDs compared to TD and in inadequate modulation of brain activity in right insula, primary somatosensory, motor and auditory cortices. The changes during attentional task may reflect compensatory mechanisms enabling normal behavioral performance. The inadequate memory load-dependent modulation of activity suggests diminished compensatory potential in ASD.
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Introduction
Autism Spectrum Disorder (ASD) is a set of complex developmental disabilities defined by impairments in social interaction and social communication, and by the presence of restricted repetitive and stereotyped behaviors, interests and activities [2, 3, 101] . The social-communication deficits may reflect decreased motivation to engage in social behaviors in early childhood [25] . While deficits in social interaction are often accorded with a central or even causal role in the disorder [22, 23, 41, 80] , subjects with ASD have also been reported to have alterations in cognitive processes at different levels [27] . These include perception and attention [10, 11] and higherlevel cognitive processes such as face memory [37] , executive functions [48] , and the mirror neuron system [21, 75] .
Higher-Level Cognitive Processes
Executive functions have traditionally been linked to frontal lobe [65, 81] , although this relation is not necessarily a direct one [1] . Moreover, involvement of the parietal cortex [24, 87] has recently become evident. As deficit in executive functions have been associated with some of the everyday social behaviors seen in individuals with ASD [34, 70] , there could be also deficit in their brain areas or connections involved with executive functions. For example, Koshino et al. [50] found reduced functional connectivity between the left and right fusiform areas and left frontal regions during facial working memory (WM) task performance in subjects with autism.
Attentional Processes
Attention deficiency is a common co-morbidity in ASD [17] and recently renewed DSM-5 allows comorbid diagnose of attentional deficit hyperactivity disorder (ADHD) with ASD [2, 64] . The prevalence of a ADHD as a lifetime diagnosis is 44 % in ASD subjects [62] versus 7-8 % in community based [84] . Previous study of Christakou et al. [17] have shown that maintaining sustained attention in ASD and ADHD reduced significantly activation in bilateral striato-thalamic regions, left dorsolateral prefrontal cortex (DLPFC) and increased the activation in precuneus relative to typically developing (TD) controls. They also noted that default mode suppression was a shared deficit in ASD and ADHD [17] . Attentional processes are closely intertwined with memory functions with overlapping neural circuits [6, 53, 95] . Working memory (WM) tasks activate a frontoparietal network of brain areas [6, 53, 95] , that has also been related to spatial attention [19] . Adolescents and young adults with autism have deficits in spatial WM [66, 76, 77] . Also the brain networks subserving these processes show overlap in some areas of the underlying neural circuitry [6, 53, 95] .
Working Memory (WM)
Subjects with ASD usually have typical or enhanced visuospatial abilities [16] but show dysfunction in WM [66, 5 Institute of Health Sciences, Clinic of Child Psychiatry, University and University Hospital of Oulu, University of Oulu, P.O. Box 5000, 90014 Oulu, Finland [76] [77] [78] . Adolescents with ASD may have intact visual object memory and enhanced visual object recognition [23, 24, 36, 52] . Adults with ASD have been shown to have an abnormal WM-related pattern of activation in the dorsolateral prefrontal cortex (PFC) and dorsal anterior cingulate cortex (ACC) [27] , however, in younger individuals with ASD it has not been studied thus, the role of maturation is unknown.
Brain Deactivation
Functional magnetic resonance imaging (fMRI) researchers have fairly recently started focusing more on decreased blood oxygen level dependent (BOLD) signal during cognitive task performance [32] . A set of brain areas called the default mode network (DMN) is most active in resting state and becomes deactivated, i.e., the BOLD signal reduces, during tasks requiring attention, including working memory or WM tasks [32] . Increasing task difficulty is known to increase the suppression of the BOLD signal [82, 89] . The task-induced deactivation within the DMN has been shown to be altered in ASD in the anterior cingulate cortex (ACC) [17, 47] . Recently, it was shown that also the spatial pattern of deactivation may alter as a function of task load in healthy subjects; areas outside the DMN may also deactivate when task demands increase [35] .
Rationale and Hypothesis
Our aim was to differentiate the roles of attention and memory functions during WM tasks performed by adolescents with ASD. We used fMRI to investigate brain activity in subjects performing an n-back visual task paradigm, where the memory task load were modulated parametrically by changing only the instructions while maintaining all other features of the task constant [14, 18] . Successful performance of this task requires continuous attentional monitoring, updating and recalling of the memorized information [71] .
In our study, the 0-back task that involves attentional processing [71] , was used to locate the brain regions displaying attention-related activation and deactivation. The 2-back task that places high demands on the key processes within WM was used to detect memory-load dependent signal changes [13] [14] [15] . The 2-back task can also be used in probing the load-dependency of the DMN deactivation in subject with ASD, since TD children have shown memory load-dependent deactivation in cortical areas corresponding to the DMN in adults [94] .
We hypothesized that attention related functions (rather than WM related) may be altered in subjects with ASD due to the high prevalence of attentional difficulties reported in ASD. Moreover, we hypothesized that alterations in the memory load-dependent brain deactivation patterns could be altered in ASD. In order to test our hypothesis we mapped the neuronal networks that support attention and WM in adolescents with ASDs and in TD controls. We investigated both low load attentional processing (0-back) and higher load WM processing (2-back) in contrast to fixation baseline and signal changes between the loads (0 vs. 2-back). We investigated differences in brain activation and deactivation patterns related to attention and WM task performance between adolescents with ASD and TD controls.
Materials and Methods

Study Population
Thirty high-functioning (full-scale IQ [FSIQ] [75) adolescents with ASD were gathered from two, partly overlapping studies: (1) A community-based study conducted between 2000 and 2005 [60, 63, 64] and from (2) a clinicbased study conducted in 2003 [51, 61, 98] . Thirty age-and gender-matched TD controls were recruited from mainstream schools in Oulu [38, 51] . We did not measure the IQ of TD adolescents. However, they all attended mainstream education and their mean score for school performance was 8.24, range 7.00-9.75 (Convert table to US school system: 10 = A, 9 = B, 8 = C, 7 = D). In Finland, pupils with normal intelligence attend mainstream education. All participants and their parents gave written informed consent, and the study was approved by the Ethics Committee of the Northern Ostrobothnia Hospital District area, Finland.
Of the 30 subjects with ASD, two were excluded: One subject refused to undergo scanning after the first visit because of the high noise level, and one fMRI dataset was lost due to computer storage error. Of the 30 control subjects, eight were excluded: (1) Two datasets were discarded due to bad data quality, (2) Three control subjects did not perform the n-back tasks, and (3) One control had teeth braces, and due to the resulting imaging artifacts, scanning was aborted, (4) Two controls were discarded due to elevated ASD symptoms measured with the Autism Spectrum Screening Questionnaire (ASSQ score [7) [64] .
Finally, 28 subjects (FSIQ = 94.4, range 76-155); 8 females, 20 males, mean age 14.6 years, range 11.4-17.6), 20 with Asperger syndrome (AS) and 8 with high-functioning autism (HFA) based on the DSM-IV-TR criteria [3, 4] and 22 TD controls (8 females, 14 males, mean age 14.4 years, range 11.8-17.3) were included in our fMRI study. Subjects with ASD and controls had normal or corrected-to-normal vision. The ASD group consisted predominantly of right-handed subjects (n = 25), with three left-handed subjects, as determined by clinical observation and parental reports. The control group was also predominantly right-handed (n = 20) and two lefthanded as determined by self-report. The subjects with ASD and their controls were not under any medication and they did not have Tourette's disorder or severe hyperkinesia in order to avoid confounding factors.
Diagnosis of ASDs in the Community-Based Sample
In the community-based study, 4422 (participation rate 81 %) 8-year-old children born in 1992 were screened with the ASSQ [30, 42] and 110 (participation rate 88 %) children who screened positive in the ASSQ were examined in-person with clinical assessments that included the Autism Diagnostic Interview-Revised [57] , the Autism Diagnostic Observation Schedule-module 3 [58] , the Schedule for Affective Disorders and Schizophrenia for School-Age Children [44] , and the Wechsler Intelligence Scale for Children-Third revision [97] . Additionally, school observations for 24 screened were undertaken, because more information was considered to be necessary. Medical records were reviewed. The ADI-R and ADOS were not used to make diagnostic classifications (i.e., the diagnostic algorithms were not used). Instead, these instruments were used to obtain structured information from parents and for semi-structured observation of a child. Based on consensus, clinical best estimate according to DSM-IV-TR [2] was used to make the diagnosis of ASD.
Diagnosis of ASDs in the Clinic-Based Sample
The target population included all registered high-functioning children (FSIQ C80) and adolescents with AS or AS traits (i.e., features of AS or autism) or AS suspected at Oulu University Hospital prior to 2003. All outpatients had been diagnosed in the University Hospital of Oulu based on the ICD-10 criteria [101] , supervised by a child psychiatrist or a child neurologist. Clinical diagnoses had then been reevaluated in-person clinical assessments including the ASSQ, ADI-R, ADOS (module 3), and K-SADS-PL. Medical records were reviewed. The ADI-R and ADOS were not used to make diagnostic classifications (i.e., the diagnostic algorithms were not used). Instead, these instruments were used to obtain structured information from parents and for semi-structured observation of a child. A clinical best estimate according to DSM-IV-TR [2] was used to make the diagnosis of ASD. Severe developmental disorders (e.g., dysphasia, Fragile-X).
The fMRI Procedure
In this study, the imaging procedure was identical to the procedure used in our previous studies [9, 72, 74, 75] . All subjects with ASDs and controls had normal or correctedto-normal vision with MRI-compatible plastic spectacles. Prior to the experiment all subjects watched an introductory video about fMRI scanning that included preparing a child for the procedure. Images were acquired on a 1.5 T General Electric Signa HDx with an eight-channel headcoil employing parallel imaging with an acceleration factor of 2.0. Hearing was protected using earplugs and motion was minimized using soft pads fitted over the ears. Functional magnetic resonance images were acquired using the following parameters: TR 1800 ms, TE 40 ms, flip angle 90°with whole brain coverage using 28 oblique axial slices, thickness 4 mm with 0.4 mm space between the slices; FOV 25.6 9 25.6 cm with a 64 9 64 matrix. The first three images were excluded due to T1 equilibrium effects. For co-registration and volumetric analysis of functional data to Montreal Neurological Institute (MNI) standard space coordinates, T1-weighted 3D FSPGR sequence was performed using TR 12.4 ms, TE 5.2 ms with 1 mm oblique axial slices, FOV 24.0 cm 9 24.0 cm with a 256 9 256 matrix; flip angle 20°. 290 brain volumes were imaged in 8 min 42 s.
Assessing Working Memory Performance
N-Back Task
We assessed WM performance using a visuospatial n-back task with two load levels (0-and 2-back tasks and a baseline visual fixation of background, Fig. 1 ) during fMRI to investigate memory load-related distribution of activation and deactivation in the brain (a detailed description of the WM paradigm is presented in Carlson et al. [14] and Vuontela et al. [94] .
Before scanning, the memory tasks were explained and the subjects were allowed to practice the tasks with practice blocks to control that they had understood the nature of the tasks and performed them at an acceptable level (C15/20 correct responses). The visual stimuli (duration 200 ms, interstimulus interval (ISI) 2300 ms) were light gray (60 % gray) squares (2.2°9 2.2°) presented randomly in one of eight locations around a fixation cross at eccentricities 4.2-6.0°. The presentation of the stimuli was controlled by a computer program (Presentation 10.10. Neurobehavioral Systems, Inc.).
The stimuli were projected onto a semitransparent screen and viewed by the subjects via a mirror mounted on the head coil. The video projector system was placed in the scanner room by incorporating a second Faraday cage inside the scanner Faraday cage.
An instruction figure (duration 2000 ms) indicated the type of task to be performed at the beginning of each condition. In the 0-back task, the subject pressed the response button in the right hand if the stimulus appeared in a predetermined location (lower left location) and in the 2-back task when the current stimulus was in the same location as two trials before. In all other cases the subject pressed the response button in the left hand.
The subjects were allowed to blink normally but were instructed to maintain visual fixation throughout task performance. Both 0-back and 2-back tasks consisted of four blocks of 20 trials presented in a semi-random order producing 80 trials of 0-back and 2-back tasks, resulting in a total of 160 trials. There was a 10-s interval between each 0-back and 2-back task block that was used as a baseline. During the inter-block baseline the subjects were instructed to fixate on a small cross in the center of the display.
Behavioral Data Analysis
Behavioral data consisted of incorrect responses and response times (RTs) reflecting WM performance, and multiple and missed responses reflecting inhibitory and attentional mechanisms, respectively [4, 5] . A multiple response was recorded when the subject pressed a button more than once per stimulus within a trial and a missed response when the subject failed to respond to the stimulus within a trial. Behavioral data analysis (percentages of incorrect, missed and multiple responses, RTs) was performed by using a three-way analysis of variance (ANOVA) for repeated measures. Group (ASDs, TD) and gender were the between subjects factors and load (0-back, 2-back) was the within-subjects factor in these analyses. The significance level was set at P \ 0.05. If the ANOVA gave a significant main effect, planned contrasts (within groups: paired two-tailed t tests; between groups: unpaired two-tailed t tests) were performed and the P values were Bonferroni corrected to control for multiple comparisons. The Greenhouse-Geisser and Huynh-Feldt corrections were applied when necessary.
fMRI Data Analysis FSL (FMRIB's Software Library, Oxford, UK) software versions 4.1.4 were used for pre-processing and analysis of the structural and functional data. Brain extraction for structural data was carried out using the brain extraction tool (BET) [85] . The functional data were motion corrected for translational and rotational movement using MCFLIRT [39, 40] and non-brain removal was performed using BET. Functional data were spatially smoothed with a 5.0 mm FWHM Gaussian kernel and subjected to high-pass temporal filtering (Gaussian-weighted least-squares straight line fitting, with sigma = 90.0 s). The entire 4D dataset was grand-mean intensity normalized by a single multiplicative factor. Six motion parameters (x, y z translation and rotation) were used as temporal regressors in the FEAT analysis to compensate for sub-voxel motion artifacts. None of the included subjects had adjusted rotational or translational head movement more than 1 voxel width during scanning.
Individual time-series general linear modeling was carried out using FILM with local autocorrelation correction [100] and Z (Gaussianized T/F) statistic images were thresholded at P = 0.05 (uncorrected). Registration to high-resolution structural and standard space images (MNI av) g152T1 template included in FSL) was carried out using FMRIB's Linear Image Registration Tool (FLIRT) [39, 40] .
Higher-level analysis between the groups was carried out using FLAME (FMRIB's Local Analysis of Mixed Fig. 1 The experimental design of the visuospatial n-back task a consisted of four blocks of 0-back and 2-back tasks presented in a semi-counterbalanced order. The duration of each block was 50 s and there was a 10-s baseline between the blocks (visual fixation of background indicated by arrows between the blocks). b The response button in the right hand was pressed whenever the stimulus was in the predetermined location (0-back) or when the current square was in the same location as the square two trials before (2-back). In all other trials the response button in the left hand was pressed. Arrows here indicate the match locations Child Psychiatry Hum Dev (2016) 47:503-517 507
Effects) stage 1 only (i.e., without the final MCMC-based stage) [8, 100] , and Z (Gaussianized T/F) statistic images were threshold-adjusted using a voxel-level Z-score [2.3 and a cluster significance threshold of P \ 0.05 corrected for multiple comparisons (technical reports TR01CB1: General Multi-Level Linear Modelling for Group Analysis in FMRI [7] , TR03MW1: Multi-Level Linear Modelling for FMRI Group Analysis Using Bayesian Inference [100] ). Motion exclusion criteria were 1 mm translational or 1 rotation in any of the planes.
To determine the anatomical regions included in the voxel clusters, we used a custom made program that automated anatomical labeling by using the labeling of the ICBM individual brain by Tzourio-Mazoyer et al. [91] . FSL4 (Harvard-Oxford, Juelich, MNI) and AFNI [88] atlases were used in anatomical localization of significantly activated cortical areas.
Results
Behavioral Performance Table 1 
= 0.07), but in multiple responses there was a significant group 9 load interaction (F(1,46) = 6.91, P = 0.012, partial g 2 = 0.13) (Fig. 2a-d) . Planned contrasts (two-tailed t tests) showed that the ASD group made more multiple responses than control adolescents in the 2-back (t(46) (Fig. 2e) , but the load 9 gender interaction (F(1,46) = 3.07, P = 0.09, partial g 2 = 0.06) and load 9 group 9 gender interaction (F(1,46) = 3.00, P = 0.09, partial g 2 = 0.06) were not significant. Boys and girls did not differ in the percentage of errors, missed or multiple responses. There were no significant differences in the behavioral parameters between the children diagnosed with HFA or AS of the ASD group.
Functional MRI Results
In general the activation during 0-back task (i.e., 0-back [ baseline fixation) was found in bilateral insula, right cerebellum, left thalamus, and in large bilateral clusters between planum temporal and supramarginal gyrus left dominantly. Bilateral activation was also detected in the midline premotor areas in TD controls. The classical memory load related activation (2-back [ 0-back task) patterns were similar in both groups spatially and in intensity in bi-frontal and bi-parietal activations and in juxta-positional lobule. Deactivation patterns were detected in both groups in areas of the DMN with increasing spread and strength of deactivation within the DMN as a function of task load. Group differences in task responses are discussed below.
Attentional Processing (0-Back vs. Baseline)
Differences between the TD versus ASD groups in the 0-back versus baseline contrasts were located in the right superior (STG), middle (MTG) and inferior (ITG) temporal gyruses, right fusiform gyrus (FG) and in the cerebellum (Table 2 ; Fig. 3 ). The differences between the groups in the cortical areas were due to a stronger deactivation of these areas in the ASD sample compared to the TD sample during the performance of the 0-back task (i.e., ASDs [ TD subjects in the baseline [ 0-back contrast, Table 2 ). In the cerebellum, a continuous cluster of differentially activated voxels extended in right side from lobule VI towards vermis IX. This group difference was due to stronger activation in the TD sample compared to subjects with ASDs in the 0-back [ baseline contrast in the upper vermian and lateral cerebellar area VI. Another group difference in the cerebellum comprising the cerebellum areas I, IV, V, VI, VIII, and IX, was mainly due to deactivation in the 0-back task (i.e., baseline [ 0-back) that was stronger and more widespread in the ASDs group compared to TD controls (Fig. 3 ). These differences between the groups were localized in the right hemisphere (Fig. 3) . Deactivation in the DMN areas did not differ between the ASD and TD groups.
Memory Processing (2-Back vs. Baseline and 2-Back vs. 0-Back)
In the 2-back versus baseline fixation contrasts, there were no statistically significant differences between the groups (Fig. 4) . The differences in memory load effects (2-back vs. 0-back) between the groups were found in the right STG, supramarginal (SMG), postcentral (PostCG, primary somatosensory) and precentral (PreCG) gyruses, Rolandic operculum (RoOp), primary auditory cortices and in insula (Table 3 ; Fig. 5 ). The memory load-related differences between the groups originate from more activity in the TD than ASD group in the 0-back [ 2-back contrast. In other words, TD controls deactivated these areas more than the ASD group during the 2-back task compared with the 0-back task. In a subarea of the SMG, the memory loadrelated difference between the groups was due to stronger activation in the 2-back [ 0-back contrast in the ASD than TD group. There were no significant differences between the groups in the DMN areas and in the frontal cognitive processing areas. The memory load-related signal changes in the cerebellum were also similar without any group differences.
Modulation Capacity
When combining all the three contrasts in the ROI based analysis, we were able to pinpoint interesting modulation in the control groups' brain activity. Insular areas showed a change in BOLD signal polarity from activation (0-back) into deactivation (2-back). This change was nearly absent in the ASD group who had non-significant activation during 0-back task. Figure 6 below illustrates mean activation and deactivation results with respect to task load.
Discussion
The present study examined attention and memory loaddependent differences in the brain activation and deactivation patterns between adolescents with ASD and ageand gender-matched TD controls. Behaviorally the subjects performed nearly identically and neural networks supporting WM were activated and DMN regions were deactivated in a comparable manner in adolescents with ASD and TD controls. However, marked differences between the groups were found during the 0-back condition, which is an attentional task that only requires the detection of a predetermined stimulus but no manipulation or memorizing of earlier presented stimuli. In line with our previous results [74, 75] , the current study suggests that while the degree of deactivation is normal within the DMN in adolescents with ASDs compared to TD controls, the deactivation in the ASD group spreads wider in several right temporal cortical areas and in the cerebellum during the attentional 0-back task performance. Furthermore, when the memory load is increased, the subjects with ASD fail to modulate activity in the sensory motor and auditory cortical areas and the insular cortex to the same extent as the control subjects.
Attentional Processing
Attentional deficits are a common and even shared behavioural/cognitive phenotype in ASD [17, 60, 62, 63] . The current study adds further proof on these findings showing increased rain activity during attention processing in visuospatial 0-back task. Harrison et al. [35] have recently shown that the strength and spatial extent of default mode deactivation reflects the cognitive load of the task at hand. We also found an increased spread of deactivation in the ASD group during the 0-back task versus baseline contrast outside of DMN. Several areas of the right temporal cortex including the ITG, MTG, STG, and regions of the FG and cerebellum area VI showed excess deactivation. Our results suggest that the increased spread of deactivation to the right MTG and cerebellum during attentional 0-back task in adolescents with ASD might reflect controlling inhibitory activity to the relatively low task load. We did not detect statistically significant group differences in the performance of the 0-back task suggesting that the attentional task group differences in the brain activation and deactivation reflect successful compensatory actions against sub-optimal neuronal activity.
Mattila et al. [60, 63] and Christakou et al. [17] have shown that attentional deficits are a common and even shared neuropathological feature in ASD. The ASD subjects were shown to have more variable evoked responses [29] . The more variable evoked potential responses may be compensated by inhibiting excess neuronal activity by deactivation [17, 29] . The current study adds further proof on these findings showing altered attention processing in visuospatial 0-back task. Liss et al. [56] suggested that over-focused attentional processing in ASD may be the result of hyperarousal, which might be detectable as disinhibition of competing sensory information that normally leads to attentional shifts. Keehn et al. hypothesized that atypical behavioral arousal regulation in persons with ASD results from early deficits in disengaging attention [45, 69] . Theoretically, the co-occurence of sensory modulation difficulties, arousal regulation problems, and atypical attention in people with ASD might be linked to dis-inhibition of sensory and attentional functions that becomes detectable as increased spread of BOLD deactivation [26, 28, 29, 69] .
The deactivation increases in multiple regions during the attentional task in this study suggest increased inhibition of several functions including motor control (cerebellum, SM1), sensory processing (primary auditory cortex) and salience processing (insula). As there are no significant The MNI coordinates and Z-values for the local maxima of the centers of mass of the voxel cluster and the number of voxels in the clusters
Hem hemisphere, CRL cerebellum, FG fusiform gyrus, STG superior temporal gyrus, MTG middle temporal gyrus, ITG inferior temporal gyrus, Vol number of voxels behavioral differences, the inhibition may be a required compensation for maintaining appropriate performance given the shown abnormal variance of the neuronal activity in ASD.
Selective attention has been implicated as a limiting factor for the storage capacity of visual WM, since attention and WM share the same networks [20, 99] . Default mode deactivation has been commonly appreciated as a way to probe attentional level and in the present study, the ACC and other areas of the DMN were deactivated similarly in adolescents with ASDs and in TD controls. In contrast to our investigation, an earlier fMRI study using a word counting Stroop task reported a lack of deactivation in the medial PFC, rostral ACC, PCC and precuneus in the ASD group compared to TD controls in the number versus baseline condition [49] . In non-social studies, group comparisons have shown greater activation for subjects with ASDs in the rostal ACC region compared to healthy controls [33, 96] .
Since attentional deficits can be augmented with psychopharmacological interventions it might be possible to use it in ASD. Moreover in the future it might be worthwhile to probe the attentional functions as a biomarker for identifying subjects that may benefit from such treatments. Importantly it may be that the deactivation rather than the activation patterns and their anatomical spread outside default mode network could prove beneficial in such efforts.
Working Memory
In the current study, most of the WM related network and the DMN were similarly recruited in the 2-back task in ASD and controls when contrasted to the fixation baseline showing the classical memory load related fronto-parietal activation patterns in both groups [12-14, 68, 89, 94] . In other words, both groups activated their brain with similar magnitude at this 2-back stage as compared to fixation baseline task.
However, a contrast between attentional 0-back task versus 2-back task revealed widespread differences between the groups, extending those seen in the attention task 0-back versus baseline fixation condition. The differences extended to the primary auditory, somatosensory and motor areas, insula and SMG, interestingly again all in the right hemisphere. Compared to the 0-back task, the TD controls were able to increase their brain activation and deactivation during the 2-back task, while the ASD subjects lacked this ability to modulate activity levels. This matches with a recent meta-analysis that ASD is related to a lack of modulation of task demands [73] .
Typical bottle neck areas of memory-load should be the prefrontal and parietal attention networks but our results showed differences in the right primary sensory, and motor and insular areas [55] . While switching from attentional 0-back to 2-back task increases activation and deactivation in controls, the same does not occur in the ASD group. Moreover, we detected more multiple responses in the ASD group than in the controls in the 2-back WM task during which the right insular cortex, in addition to the primary somatosensory and primary auditory cortex, showed deficient modulation of activation. This may be seen as a sign of dis-inhibition.
Insula is linked to failed error processing of repetitive responses in ASD [31, 43] . Further studies with more varied stimulus loads in an event related task/naturalistic moving video task might add more knowledge on the issue. It is also known that ASD subjects have sensory modulation deficits with both sensory under/overload as a characteristic feature in ASD [59] . Moreover, the primary auditory and somatosensory areas may also function as a short term memory storage and may thus directly explain some of the WM task load findings [55] .
Recently the functional connectivity of the salience network (SN) was found to be a predictor of ASD symptomatology [93] . A key area of the SN is insula, which also performs mirror-neuron functionality and integrates interoceptive bodily information for predictive brain functions [83, 93] . A SN dysfunction, including the anterior insula, results in a difficulty in operating social cognition and selfreferential processing [90, 91] . Altered emotional valence scaling was detected in bilateral insula and primary sensory areas earlier [72] [73] [74] [75] , while WM abnormalities in these areas in ASD in the current study were detected only in the right insula. Activation of the right insula has been widely reported during error processing and, it has usually been associated with a negative emotional state [49] . Two studies have shown abnormal activity in right insula during error processing and inhibitory tasks in children with autism [31, 43] .
Cerebellum
Other areas where one might expect to detect alteration in function during repetitive behavior deficit could be the inferior frontal cortex or cerebellum [54] , but there was no sign of differential activity or deactivation in these areas [54] . A recent meta-analysis detected cerebellar abnormalities in simple motor tasks while more complex tasks The MNI coordinates and Z-values for the local maxima of the centers of mass of the voxel cluster and the number of voxels in the clusters
Hem hempisphere, PreCG precentral gyrus, RoOp Rolandic operuculum, PostCG postcentral gyrus, SMG supramarginal gyrus, STG superior temporal gyrus, Vol number of voxels lacked differences [73] . Our results corroborate these findings with respect to WM task load; the attentional 0-back task presented mainly deactivation changes which were absent from the 2-back task load. At 2-back load, multiple responses occurred which might be related to reduced capacity of brain activity modulation with respect to task load. In the cerebellum, the lack of modulation of the brain activity in higher task load and excess de/activation in low task load suggest that the ASD brain fails to increase its activity level according to the task load. As the performance fails at higher task load, the same ceiling effects seems plausible than in the right cerebral hemisphere insula, sensory regions and auditory areas. At 0-back the activation was stronger in controls, while the deactivation in the ASD group was increased. The activation increase was more dominant in the right side periventricular areas, while the deactivation was more prominent in the lateral parts of the cerebellum. This finding suggests that the increased deactivation may be a compensatory mechanism, since there were no behavioral differences between groups at 0-back task load. The lack of activation in ASD is challenging to explain with respect to behavioral changes. Christakou et al. [17] noticed increased activation of the cerebellum in ADHD compared to controls and suggested it to be a compensatory mechanism. Our results suggest that the 0-back attentional task requires deactivation as a compensatory mechanism.
Right Hemisphere Dominance
The differences in the brain activation patterns between the subjects with ASD and TD adolescents were detected predominantly in the right hemisphere. Interestingly, individuals with AS, right frontal excisions or temporal brain lobectomy show more deficits in spatial WM than subjects with left-sided lesions/lobectomies [67] . A similar distinction between hemispheres was recently detected in a fMRI study of children showing pervasive rightward asymmetry in resting state networks and right insula [27] . Findings of our previous studies in the same subjects as in the current study using either diffusion tensor imaging (DTI) or fMRI during resting state or a facial expression task, all suggest a right-sided changes in the brains of adolescent with ASD [9, 72, 75] . Regional baseline homogeneity of BOLD spontaneous brain activity was also detected in the right insula [72] , and fearful facial expressions were shown to increase deactivation in the right visual cortex (V2 BA18) [75] . Furthermore, white matter tracts connecting the visual and insular areas in the right inferior fronto-occipital fasciculus (iFOF) had reduced fractional anisotropy (FA) in the right periventricular area in adolescent with ASD [9] .
Importantly, the IFOF connects DMN areas and SN structures. Our group has recently shown resting state disconnectivity between the extremes of the right IFOF; the DMN anterior and retrosplenial connectivity was reduced [86] . Taken together there seems to be a disconnection along the IFOF in ASD subjects. It may be that the disconnectivity within the DMN is related to the compensatory increase in spread of deactivation outside the DMN proper. Further investigations with multimodal magnetic resonance encephalography (MREG) could reveal the neurophysiological mechanisms behind these disconnection findings.
Reduced Task-Load Modulation
It has been suggested that subjects with ASD perceive and process information too intensively and their cognitive capacity saturates in increasing information levels without being able to modulate according to demand [59, 73] . Our findings agree somewhat with the notion of dis-inhibition since we detected inability to deactivate the right insula, primary auditory and somatosensory cortices during memory load increase. More importantly the current results suggest a lack of modulation capacity of brain activity.
The disability to proportionate brain activity in the ASD group may be related to altered salience processing in the right insula, where also resting state homogeneity was found to be altered in our group [92] . The WM tasks of the present study and the facial expression tasks of our previous studies [74, 75] showed differences in the right insula between the ASD and TD groups. There, too, the modulation of brain activation and especially deactivation with valence was different compared to TD controls.
Limitations
There were some limitations in our study; (1) We did not measure the IQ of controls, instead we measured their school performance, which is not straight forward comparable with the IQ. However, we assume that this did not really affect the results, as the probands FSIQ was [75, and the controls school performance ranged between 7 and 9.75 (US D to A) and they were drawn from mainstream education, which in Finland are only for children with at least average intelligence. Additionally, the tasks in fMRI were relatively simple attention and WM tasks. (2) As the functional alterations in ASD depend on the age and development it might have been beneficial to use the age or development state of the subject as a co-variate. We did not perform age wise analysis since the groups were matched, which to a large extent reduces developmental aspects within the data. (3) As suggested by Schlaggar et al. [79] , the differences in activation could have been related to task set maintenance, task difficulty, error-related activation, or to cognitive activity (or lack thereof) unrelated to task performance. In the future, these aspects of task performance could be studied in more detail with an event-related task paradigm with faster MREG sequences that increase statistical power several fold. (4) Address the impact of preceding task-effect on the consecutive in-between the blocks baseline fMRI values as the strength of task-related de/activation can affect the consecutive baseline fMRI findings, and may explain some of the deactivation issues related to our results. One way to address this issue would have been to examine the consecutive baseline values for consistency. However, we were unable to examine that in FSL or in any other GML tools. On the other hand, we believe that this is a universal phenomenon in the brain that applies to every functional area to some extent at least.
Summary
Typical visual WM-related areas were normally activated and DMN was deactivated in ASD as a function of task load. Attentional processing showed both reduced activation and increased deactivation in the cerebellum and in several right temporal cortical areas increased deactivation in the absence of behavioral performance changes. Increasing task load resulted in inadequate modulation of brain activity in right insula, primary somatosensory, motor and auditory cortices and the performance showed multiple responses. The neuroimaging changes during attentional task may be a sign of compensatory mechanisms enabling normal behavioral performance. The inadequate load dependent modulation during increased memory load suggest of lacking compensatory potential in ASD.
